Toxicity of cadmium chloride in vitro: indices of cytotoxicity with the pulmonary alveolar macrophage.
Pulmonary alveolar macrophages were isolated from adult, male New Zealand white rabbits by bronchial lavage and exposed to cadmium chloride in vitro. The observed cell sensitivity to this metal was highly dependent upon the incubation conditions used as well as the cytotoxic index selected. An LC50 value, as measured by dye exclusion (erythrosin B), was determined to be 390 microM when these cells were exposed to cadmium in Ham's F12 culture medium for 8 hr at 35 degrees C. The presence of fetal calf serum in the medium (10%; v/v) enhanced this toxicity slightly, LC50 = 235 microM, as did raising the incubation temperature to 37 degrees C, LC50 = 201 microM. No effect on cadmium toxicity was observed when the culture medium was made deficient in Cu, Zn, and Fe, nor was there any effect observed when Hepes buffer was substituted for the bicarbonate/carbon dioxide buffering system. Measurements of cadmium-109 uptake by pulmonary alveolar macrophages were consistent with and could explain, at least in part, the above observations of cytotoxicity. In the standard culture system (an 8-hr exposure period at 35 degrees C in Ham's F12 culture medium plus serum), the appearance in the culture medium of two lysosomal enzyme activities, acid phosphatase and cathepsin D, paralleled cell death. In addition, an EC50 value of 102 microM was found for cadmium when cell respiration (O2 uptake) was measured; an EC50 value of 31 microM was found for cadmium when cell function (engulfment of killed yeast particles) was followed; and scanning electron microscopic studies showed cell membrane changes (loss of fine structure and blebbing) at cadmium concentrations as low as 30 microM. These findings suggest that loss of cell function and/or changes in cell morphology are more sensitive measurements of macrophage exposure to cadmium than is either cell death, lysosomal enzyme release, or cell respiration.